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An i n v e s t i @ t i o r  has beer- -de in   the  Langley  8-foot   t rznsonic  
tunnel  or" the effects of wing incidence on t h e  aerodynamic  character- 
i s t i c s   o f  two representa t ive  wing-body  combinations a t  V l c h  numbers 
r'ron 0.60 t o  1.13 and fuselage  angles of  a t t a c k  from -8' to 4'. A 
45' sweptback  xing WIS tested a t  ac incidence  angle of  bo with  respect  
t o  t h e  body,  and an unswept  wing was t e s t e d  a t  3' of incidence. Com- 
parisons  hzve  been  nade  with d a h  previously  obtained whth the wings a t  
0' incidence. A t  subsonic Vsch  numbers, t h e  maximum l i f t - d r a g   r a t i o  for 
t h e  k5O sweptback  wing is reduced  by  the  introduction of bo th   pos i t ive  
end negative  incidence  angles,   while  the  ratio i s  r a i s e d   f o r   t h e   q s w e p t  
ving  by  use or" posi t ive  incidence.  No n z t e r i a l   e f f e c t s  of incidence 
Engles were measured et  trensonic  speeds.  

INTRODUCTION - 

As p e r t  of  an inves t igz t io r  of t h e  efrects of  various component 
var ia t ions  on t h e  wing-body in te r fe rence  a t  transonic  s>eeds,  a swept- 
back w i n g  and  an  unswept wing were t e s t e d   a t   a n g l e s  of i n c i d e x e  of 4' 
end 3O, respec t ive ly ,   wi th   re fe rence   to  a typ ica l   fu se l age .  Keasure- 
rnents were made of lift, drcg, and p i tcn ing  moment at b%ch numbers r'ron? 
0.60 -Lo 1.13 and angles  or" a t t a c k  from -8O t o  bo in the  Langley 8-foot 
t ransonic   tunnel .  Comparable r e s u l t s  obtaTned wi th   the  w i n g s  et Oo i nc i -  
dence m y  be found in   re fe rences  1 and 2. Conparisons  with  these  pre- 
vious data ere presented t o  show the effects of incidence  angle on t h e  
aerodynamic cha rac t e r i s t i c s ,   e spec ia l ly  mximum lift-drag r a t i o ,  ?or low 
L i f t   c o e f f i c i e n t s .  The najor PJ-rpose 03 this inves t ige t ion  w c s  t o   d e t e r -  
mice the e f f e c t s  or' w h g  incidence  angle bn wing-body in te r fe rence .  



2 

SYE3OLS 

cD 

CL lift coezficiect ,  L/qS 

drag  coeff ic ient ,  D/qS 

C 
La 

l i f t  -curve slo-ge per  Cegree 

ME/k 
cm pitching-nomer;t coefficient  about 0.25E point ,  - 

q s c  

s ta t ic- longi tudinal-s tabi l i ty   parameter  

incidence  angle, deg 

wing  nean  aerodynamic  chord, i n .  C 
- 
D drag, l b  

L l i f t ,  l b  

( Lm,, maximum l i f t - d r a g   r a t i o  

M average free-stream V ~ c 3  number 

%/4 pitching  nonent  about O.25E point ,   in . - lb  

base pressure  coePficient,  pb - 
'b 

f ree-s t ream  s ta t ic   pressure,   lb /sq f t  

pb s t a t i c   p r e s s u r e  a t  model base, lb/sq f't 

9 free-strean dynmic  pressure,  FpV , lb/sq f t  1 2  

' 

. 

R Reynolds  nunber  based on F 

S wing area,  sq ft 

v free-stream  velocity,   f t /sec 
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a angle   o f   e t teck  of IZuselage center   l ine,   deg 

- P free-stream density,  slugs/cu ?t 

APPARATUS AND ?@X'HODS 

Tmne 1 

These tests were conducted in  the  Langley  8-foot  transonic tunnel, 
which is a dodeczgonal,  single-return wind tumel  designed,  through  the 
use of l ong i tud ina l   s lo t s   a long  the test sec t ion ,   t o   ob ta in  aerodyllamic 
da t a   fo r  a range  of Mach numbers through  %he  speed  of sound without   the 
usual choking  and  blockage eTfects associeted  with a conventional  closed- 
throa t  t n e  of wind tunnel .  It operates a t  atmospheric  stagnation  pres- 
sures .  A more coaplete   descr ipt ion  of  the Langley  8-foot  transonic tw-- 
ne1 ~y be  found in   reference 3. 

Conrigdrations 

The sweptback  wing  investigated is the same as t h e t  used in  
reference 1. It has 45' sweepback of t h e  0.25-chord l i ne ,  en aspect  
r e t i o   o f  4, e t a p e r   r e t i o  of 0.6,  and NACA 6 5 ~ 0 0 6   a i r f o i l   s e c t i o n s   p a r a l -  
l e l  t o   t h e  model plane  of symmetry. The unswept wing is  t h e  same as 
t h e t  used in   reference 2 and h ~ s  zero sweep or" t he  0.25-chord l i ne ,   an  
a spec t   r e t io   o f  4.0, and a t ape r   r a t io   o f   ze ro .  The streamwise sec t ions  . 
of  the wing are symmetr ical ,   and  consis t   of   c i rcular   arcs  or" d i f f e r e n t  
r a d i i   j o i n e d   a t   t h e  0.kO-chord s t a t ion   i n   o rde r   t o   have  the maxinun! 
t h i c h e s s   o f  0.04 chord  located et this  point.   Other  dimensions are 
shown on the   ske tch  OF t h e   c o n f i g u r a t i o m   t e s t e d   ( f i g .  1). Eoth wings 
were constructed  of 14s-T aluuhum a l l o y .  

The fuselage  used i s  the saqe as the  basic  Paselage  used Tn refer- 
ences l and 2. The general.  dimensions  of this fuselage ere shown ifi 
f igu re  1. 

Tne 45O swegptback wing wes t e s t e d  a t  an  inci8eace  angle  of bo, while 
t h e  unswept  wing xes tested a t  3O. Both  wings were tested as midwLng 
configwations,  as shown i n  figure 2. 

Measurements  and  Accuracy 

The average free-stream Mach nlaber  wes determined to   w i th in  iO.003. 

Lift ,   dreg,  and p i tch ing  moment were dete,mined by means o f  an  e lec-  

. 
\ - tr ical  strain-gage  balance  located  inside  the body  and a t t a c h e d   t o   t h e  - 



s t i n g  et t i e  node1 base ( fig. 2) . The accuracy of the date  obtkined, 
jased  on t h e   s t e t i c   c e l i b r a t i o n  of the  balance and t3e reproducib i l i ty  
of the   de ta ,  is es5irmted to be  within  the  following  l imics:  

c 

IT%?se a r e  naxinum limits aE.d t:?e accuracy is usua l ly  nuch b e t t e r .  

The base  pressure was determined from two s t e t i c   o r i f i c e s   l o c a t e d  
on the  top and  bottom of  the   s t ing   suppor t   in   the   p lane  of the  model 
j a s e   ( f i g .  1). The bese  pressure  coefficient (fig. 3) was e s t i m t e d  to  
be accurate   within kl.003. 

m rL,e s, angle  of  astack of t he  model was measwed by an  opt ical   cathe-  
tometer  sighted on a reference l k e  OE t h e  s i d e  of  the  fuselage.  The 
cet3erorreter measured the  engle  of  at+,ack  to  within +O .lo. 

Test Conditions 

The tes%s were conducted throag3 a Ikch  nmber   ra lge from 0.60 t o  
approxilrra5ely 1 .l3. Tie t e s t  Re3;r,olds nuxber,  based on t h e  mean aero- 
dynamic chord of t he  wing, v a r i e d  from approximately 1.61- x 106 to 
1.91: x IC0 f g r  t h e  43O sweptback wilg,  and from approximately 1.67 x 1-06 
to 2.01 X l C o  Tor t>e umwepl; wing. The k5O sweptback  wing w a s  t e s t ed  
a t  angles of a t t ack  5rom -80 t o  bo, whereas  %he unswept  wing w a s  t e s t ed  
from -7O t o  4'. Both wings were t e s t ed  a t  l a rge  enough negative  angles 
to   a l low  the  determinat ion  of   the  effect  of negative  incidence  angles on 
maxinm lift -drag rat :os. 

RESULTS 

Presentat lon of Results 

The j s s i c  Hft; drag, end  pitching-moEelt  data for t h e  incidence 
condi:ions are  >resented i n  f tgxes  4 and 5 .  Tn o r d e r   t o   f a c i l i t a t e  
presentat ion of t he  data, staggered  scales have  been  used in   f i gu res  3 
t o  5 am5, %herefore,  care should be taken   in   ident i fy ing   the  zero axis  
f o r  ezck  curve.  Analysis o r  the   effects   of   incidence  engle  is shown i n  
f igures  6 t o  11. Zeference co w:r_gs i n  -;his  discussion refers t o   d a t a  



5 

L presented  for  wir-g-body configurations.  Date For t h e  body-elone  configu- 
ration  can  be found i n  reference 1. 

- 
Boundzry InterTerence 

The a x i a l l y   s l o t t e d  test  section  of  the  Langley  8-foot  transonic 
turmel min imizes  boundary  icterzerence  due to solid  blocksge  (refl. 4) - 
The effects of  wake blockage are s-ilarly reduced. The co r rec t ions   t o  
the  Mach number and the dynamic p res su re   fo r   t hese   e f f ec t s  and t o   t h e  
drag   coef f ic ien t   for   the   e f fec t  of pressure  gradient  caused by t h e  wake 
are no longer  necessary a t  low angles   of   a t tack.  

Bounkry  interzerence efrects et &.Tach nmbers  sbove 1.0 consis ted 
of shocks  and  expansions  from t h e  model  which are r e f l ec t ed  back t o  t h e  
surface of t h e  model by the  test-section  boundary. For the  conrigurat ions 
tes ted,   these  dis turbances  passed  af t ,  of t h e  model base a t  e &ch number 
of 1.1: end a l l  date above th i s   Wch   nmber  were in t e r f e rence   f r ee .  ilow- 
ever, even ic t h e  hkch number range where boundary-reflected  disturbances 
reached  the model, the   e fFec ts  on the com2erisons of t h i s   d a t r   w i t h   t h e  
da t a   fo r  0' angle of' incidence were smell. These  discrepancies  heve  been 
minimized  by f a i r i n g   t h e  data, end it is believed t b s t  none of   the  gen- 
eral trends  exnibited  by  these  datz o r  t5e conclusions drawn from them 
were Effected  by  the  boundary-reflected  disturbaqces . 

Base Pressure Ad jus-laents 

The drag data hzve been sd jus ted  f o r  base  pressure so  tha t  the   d rag  
corresponds to   condi t ions  where the  body  base  pressure is  equal t o   t h e  
free-stream s t a t i c   p r e s s u r e .  The base  pressure  coeff ic ients  used t o  
ad jus t  these drag date. are shown i n   f i g u r e  3 .  

DISCUSSION 

R a t i o s  of t h e   c h n g e   i n  lift coe f f i c i en t  due t o  wing  incidence  angle 
t o   t h e  chznge  caused  by  angle of a t t a c k  are presented as f igu re  6 .  Less 
l i f t  is obtained  througa  the use of  ao  incidence  angle t:mn is obtained 
f o r  a corresponding  angle or" e t t a c k .  This r e s u l t  i s  p r i m r i l y  caused  by 
the  absence  of  upflow st the  wing  leadhng edge for the iocfdence  con- 
d i t i on ,   s ince ,  as is  shoTm in  rel'erence 1, the lift of the  ?uselage i s  
negl igible .   General ly ,   t3ere  is  l i t t l e  var ia t ion   o f   l i f t -curve   s lope  
associated  with  the  changes i n  hc idence   ang le   ( f ig .  7 )  . For t h e  unswept 
wing at a lift coef f ic ien t  of 0.4, the   va lues  are lower  for t3e incidence 

. 



5 XACP. RM L52K06a 

condition i n  the  sgbsonic Mach number renge end h igher   in   the   t ransonic  
range. 

Pi tching  hment  

The var ia t ion  of She pitching-moment coef f ic ien t  et a constant l i f t  
c o e f f i c i e n t   ( r i g .  8 )  indicetes  tkt inc idexe   reduces   the  pitching-moment 
coef f ic ien t  a constant amount over   the   en t i re  -Wch num3er range.  This 
r e s u l t  i s  a t t r i b u t a b l e  %o changes i n  fxselage  loads.  Tne var iz t ion  of  
t he   s t a t i c - long i tud ina l - s t ab i l i t y  parameter with h c h  number a t  zero l i f t  
is more gradual   for  the incidence  condi t ion  ( f ig .  g), end it indicztes  
e aore steable configurat ion  for   this   condi t ion.  A t  a higher l i f t  coef f i -  
c ien t ,  t’r-e values are approximately  the same. 

Drag 

The drag   coef f ic ien t   for  e constant lift coef f ic ien t ,   p resented   in  
f igure  10, is arfected  very l i t t l e  by  the change i n  i rxidence  angle   ror  
e i t h e r  wing tested. 

The wing  inciderxe  angles  investigated  have small, but s igni f icant ,  
efcects  on the msximun l i f t - d r a g   r a t i o   ( f i g .  11) . For t he  45’ sweptback 
w:r.g, bo th   pos i t ive  and negat ive  incidence  angles   reduce  this   ra t io   in  
the  subsonic  speed  range. A t  transonic  speeds,  incidence h s  only a 
negl ig ib le   e f fec t .  For t h e  unsweDt wing a t  subsonic  speeds,  positive 
incidence  angles  give an  increase   in  maximum liz’t-drag ratio,  while  nega- 
t ive incidence  angles  produce a decrease. However, i n   t he   t r anson ic  
speed Yange, neither  posit ive  nor  negative Xing incidence angles :have 
any mterial e f f e c t .  

Limitations of  Results 

Results  presented are for low angles of a t tack  only.  At higher 
angles o f  e t tack ,   the   e f fec ts   o f   inc idence  may be  greater   than  those 
presented  heresn. 

co~cLirsIoNs 

A transonic  wind-tunnel  inwstigation of  the ef fec ts   o f  wing inc i -  
dence angle on the  c:?arac%eristics of two whg-body  combinations, one 
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- with 45' sweptback  wing  and  one  with an u-qswept wing, a t  low angles of 
z t t ack  , leads  to   the  fol lowing  conclusions : 

.. 1. An increase  in  incidence  angle  produces  less lift t h n  s corre- 
spondir,g increase  in   angle   of   a t tack.  

2. Wing incidence  angle   lovers   the pitching-moment coe f f i c i en t ,   f o r  
a c o n s t a n t   l i f t   c o e f f i c i e n t ,  a constant amount througkout   the  ent i re  Yich 
number range. 

3. In the transonic  speed  range,  neither  posit ive nor negative 
incidecce  angles  hzve  zny material e f f e c t s  on t h e   l i f t - d r a g   r a t i o  Tor 
e i t h e r  wing.  For  the &To sweptback  wing,  both pos i t i ve  and negative 
incidence  angles  decrease  the maximum l i - l t -drag  ra t io  Ln the  subsonic 
speed  raage.  For  the unswept uing,  in  the  subsonic  speed  range,  posit ive 
inc idence   angles   increase   th i s   re t io ,   whi le   nege t ive   inc idence   angles  
decrease it. This  difference -h t h e   e f f e c t s   f o r   t h e  two wings is not 
necessa r i ly   an   e f f ec t  of  sweep, because  other parameters varied also. 

Lzngley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics,  

Langley  Field, V a .  
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Area, sq 3 
h s p x  ratio 

1 1 
4 4 

?&an m=odynanlc 
chord, in. 3.125 8.030 

Area of model base, 
Taper rad0 .6 3 

so f5 0.01EZ 43192 

(b) Unswept  wing. 

' /  , 

" 

( a )  45" sweptback wing. 

Figure 1. - Wirg-bdy confisgwations usel! i n   i nves t rga t i c r .  A l l  linear 
dimensions are i n   i x h e s .  
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a 

Figure 2.- The wing-body combinacion v i t h  45' sweptbeck wing, mounted 
i n  the zest   sect ion of the 8-foot  transonic  tumel.  
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. I  

0 NACk FN ~ 5 2 ~ 0 6 a  

.5 .6 -7 .a .9 I .o 
Mach number, M 

1. I I .2 

(a) 45 0 sweptback v ~ n g .  

Figure 3 .  - Variation wit5 Mach n-mker of the  base  pressure  coefr”+cient 
fo r  the wing-body combirations. 
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.5 .6 .7 .e .9 I .o 
Mach number, M 

(b) Unswept wing. 

Figure 3.  - Concluded. 
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F i g r e  4. - 

- I  0 -8 -6 -4 -2 0 2 4 6 
Angle of attack,a,deg 

( E L )  Lift coeff icfent  . 
Aerodp-mic  ckarac5erist ics cf the  vir,g-body combination With 

sweptback wing. i = 4'. 



c 
-,4 -.2 0 .2 -4 .6 

Lift coefi'iclent,k 
-.4 -.2 0 .2 .4 .6 

Lift coefficlent,CL 

(b) Drag coefficient. 

F i g u r e  4. - Continued. 



-.4 -.2 0 .2 .4 .6 
Lift coefficient,CL 

( c )  Pitching-aoment  coefficient. 

Figare 4. - ConclLded. 

C 

Lift coefficient,CL 



-10 -8 -6 -4 -2 0 2 4 6 
Angle of attack,qdeg 

8 (a) L i f t  coef f ic ien t .  

Figure 5 .  - Aerodpmnic  character is t ics  of  %he. k-i-ng-body combination with 
unswept wing. i = 3'. - 



-.6 ,4 -.2 0 -2 .4 .6  ,6 -.4 -.2 0 .2 .4 .6 
Li f t  coefficient,CL Lift coefficient,($ 

(5) Drag coeff icier-t . 
F$yre 5 .  - Contimed. 



-.6 -.4 -.2 0 .2 .4 .6 
Lift coefficient,% 

-4 -2 0 .2 .4 -6 
Lift coefficienf,CL 

(c) Pitching-momeat coerficient. 

Figure 5.  - Concluded. 
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45O sweptback wing 
Unswept wing "- 
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Mach number, M 

Figure 6.- Ratio of l i f t  associated with angle of incidence t o  lift 
associated  with angle of attack. 
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i,deg 
0 

.O 8 

C L ~  .O 6 

.o 4 

.7 .8 .9 t .o 
Mach number, M 

1 . 1  

(a> 45' sweptbacg w1a.g. 

Figure 7.- Variation  with Mzch n u b e r  of the  lift-curve slope f o r  the  
wing-body combinEtiom. 
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(b) Unswept w i n g .  

Figure 7. - Concluded. 
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i ,deg 
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E 
0 
t -  

. 

.5 .6 .7 .8 .9 1.0 
e-? " Mach- number, M 

1 .  I 1.2 

(a) k5O swep-iback wing. 

Figure 8.- Vmiation  Kith Mach Ember or" the  pitching-noment  coefficient 
fo r   t he  wing-body combinations. 
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3 "- 

.04 I 
i I 

-". "\ 

I I  cL=o I I 0 ! ~ i  
I !  

! I  , "- 
E 

I "- 

-" c -.04* 

(b) Unswept wing. 

F i g w e  8.- Concluded. 
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(a) 45’ sweptback wing. 

Figure 9.- V u i a t i o n  with Mach number of the  statlc-longitudixl-stzbility 
parameter fo r  the  Qing-body  combinations. 
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(b) UnsweFt w i n g .  

liwre 9.- Concluded. 
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(a) 45' sweptbeck xhg.  

Figi re  10.- VariEttion with Mach mmber of the drag coefficient f o r  a 
given lift coef f ic ien t  for the wing-body conbinations. 
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Mach number, M 

(b) Unswept  wing. 
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Figure 10.- Concluded. 
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i ,deg 
0 
4 

- 4  
"- 
""" 

Mach number, M 

( a )  43 0 sweptback wing. 

Figure 11. - Varizt ion w i t h  Mack n-mber of  maxinun l i r t - d r s g   r a t i o  znd 
of lift coefficient f o r  m a i m u m  l i i ' t -drag ratio f o r  the wing-body 
conf igura t iom.  
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Mach number, M 

(b) k s v e p t  wing. 

FLgare 11. - Concluded. 
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